Objectives-To investigate the physiological effects of two different three times a week, eight week training programmes on the aerobic fitness of nine to ten year old girls.
cantly with trainng in either trainng group, neither were there any significant changes in submaximal heart rates. Blood lactate declined significantly at the two lowest submaximal exercise intensities in the cycle ergometer training group (from 2.3 (1.1) to 1.4 (0.06) mmol/l at stage 1 and from 2.1 (1.2) to 1.6 (0.06) mmol/l at stage 2; means (SD); P<0.01). Total cholesterol and high density lipoprotein cholesterol remained unchanged with training. Conclusions-These findings suggest that an eight week structured exercise programme produces minimal changes in either the aerobic fitness or blood lipids of young girls. It may be more beneficial for long term health to promote enjoyment in activity and positive attitudes to exercise rather than attempting to enhance aerobic fitness through strenuous exercise programmes. ( It is well documented that exercise training according to appropriate guidelines' will elicit significant increases in peak oxygen uptake (peak Vo2) and reductions in submaximal Vo2 and blood lactate in untrained adults.23 Despite considerable research, however, the responses of young children to aerobic exercise training are not fully understood. It has been suggested that a maturational threshold4 or "trigger point"5 exists below which children are unable to improve aerobic fitness. Others have argued that there is no evidence that prepubescent children are any less responsive to training than older individuals.6 We7 and others8 have reviewed the few studies that have used appropriate methodologies and training programmes and included a control group, and concluded that young children can respond to structured exercise training but the magnitude of any change in aerobic fitness is likely to be considerably less than expected in adolescents and adults.
Several studies have reported significant increases in the peak Vo, of young boys after training programmes of at least eight weeks' duration9 10 but an absence of change has also been reported." Training four times a week for 12 weeks elicited a 11.4% increase in the peak Vo,, (litres/min) of 11 boys and five girls compared with a 7.1 % increase in the control group." In contrast, an enhanced physical education programme which included 25 minutes of physical activity four days a week for 12 weeks failed to increase the peak Vo2 of 11 seven to nine year old boys and girls.4 However, these findings with mixed sex groups are difficult to interpret given the significantly higher peak Vo2 of young boys compared with girls. 4 No well controlled studies of the trainability of the aerobic fitness of young non-athletic girls appear to be available. 10 27 Once again, few data are available for young girls and there is a need for further investigation.
In response to the lack of data describing the physiological responses of young girls to aerobic exercise, the aim of the present study was to examine the effect of two different modes of aerobic training upon the aerobic fitness and blood lipid levels of nine to ten year old girls. Children trained on Monark cycle ergometers three times per week for a period of eight weeks. After a five minute warm up of unloaded pedalling, the training period lasted 20 minutes at an individually determined exercise intensity which maintained heart rate between 160 and 170 beats/min. In children of this age, this approximates to 80% peak heart rate and is in accordance with current guidelines for increasing aerobic fitness.7 Each child's heart rate was monitored continuously throughout every training session using cardiometers and all sessions were supervised by a member of the research team (SW).
Aerobics group Training sessions were held three times per week at the school by a member of the research team (JRW). Each session lasted approximately 40 minutes. Twice a week the body of the session (20 to 25 minutes) consisted of a variety of floor and step aerobic routines to music and aerobic games. The third session was based around the use of circuit equipment with a variety of exercises which included aerobic, strength, and muscular endurance components. All sessions started with a five to ten minute aerobic warm up during which intensity was gradually increased. Sessions ended with a similar warm down period and some flexibility work.
Before the training study, pilot work was carried out with 27 girls aged nine to ten years to evaluate the heart rate response to both the aerobic routines and isolated movements within the routines. This demonstrated that the Aerobic training in young girls There were no significant differences (P>0.05) in age, stature, mass, or peak Vo2 between the three subject groups before training. All children in the training groups completed the 24 exercise sessions. Table 2 gives the preand post-training peak exercise responses. Peak Vo0 and peak RER did not change significantly (P>0.05) in any group during training. The peak heart rate of the cycle trained group declined significantly (P<0.01). No significant (P>0.05) changes in heart rate during the first five submaximal stages of the treadmill test were noted in any group. The blood lactate measured during the first two submaximal stages of the treadmill test decreased significantly (P<0.01) in the cycle trained group (from 2.3 (1.1) to 1.4 (0.06) mmol/l at stage 1 and from 2.1 (1.2) to 1.6 (0.06) mmol/l at stage 2; means (SD)) but no other significant differences were noted. In the cycle ergometer training group, there were no significant (P>0.05) changes in either plasma total cholesterol or HDL cholesterol.
Discussion
Few studies have investigated the responses of young children to structured exercise, and there is a notable lack of data for young girls.7 8 One reason for this might be the problem of retaining young children's interest in an exercise programme for an extended period of time, and previous studies have suffered attrition rates as high as 63%. 4 The attrition rate of 12.5% in the training group in the present study is remarkably low and explained by genuine reasons such as illness or absence from school rather than disinterest in the training.
The key finding of the present study was the absence of change in peak aerobic fitness in either training group after the eight week training programme. Well controlled training studies including young girls against which to compare these findings are sparse.7 822 Two previous studies which have included prepubertal girls have produced conflicting conclusions. Lussier and Buskirk"2 reported a significant increase in the absolute peak Vo2 of a group of 11 children, which included five girls, after 12 weeks of running training. This was despite pretraining levels of peak Vo2 similar to those in the present study. However, a second study,4 which included six boys and five girls, failed to find any significant increase in peak Vo2 after a 12 week period of increased physical activity.
In adults, the magnitude of the increase in peak Vo, with training is influenced by the pretraining levels of aerobic fitness. Where these are already high, training-induced improvements in aerobic function may only be detectable in submaximal responses.30 In the present study, neither mode of training elicited any favourable changes in submaximal heart rate responses. With continuous cycle training there was a trend towards a reduction in submaximal blood lactate levels, but only at the first two treadmill stages (7 and 8 km/h) did these achieve significance. Greater submaximal changes might have been apparent had the training mode more closely reflected the testing mode (treadmill running); however, these findings do indicate that improvements in aerobic function in young children may be more likely at submaximal rather than maximal exercise intensity. The levels of total cholesterol and HDL cholesterol measured in the present subjects are in accordance with previous reports." Only one other study appears to have examined blood lipid changes in young girls. 24 Gilliam and Burke24 found no change in total cholesterol, but a significant increase in HDL cholesterol after six weeks of five 40 minute sessions of physical activity. The absence of change in total cholesterol after training in the cycle trained girls in this study is in agreement with this, but no changes in HDL were identified despite the two week longer duration of the exercise programme. Other studies including smaller mixed sex groups have also failed to change blood lipid profiles with ten4 and twelve25 week training programmes. On balance, it would appear that a structured exercise programme provides minimal benefits to the total and HDL cholesterol levels of young girls with normal blood lipid levels.
In conclusion, the present study suggests that vigorous training will make minimal changes to peak or submaximal aerobic function in young girls. Neither does exercise training appear to benefit blood lipid levels. Given these findings and the evidence that it is children's low levels of habitual physical activity that are more cause for concern than their aerobic fitness,2 " it may be more important for children's future health and well being to focus upon encouraging them to adopt more active lifestyles and develop positive attitudes towards physical activity rather than emphasising exercise training to enhance current levels of aerobic fitness.
